Kalikmanov ͓Phys. Rev. E 59, 4085 ͑1999͔͒ proposed a perturbation theory method to calculate the dielectric constant of dipolar hard sphere fluids using an infinitely long cylindrical container to avoid the depolarization. We demonstrate that while the method is very helpful, his theory appears to be incomplete because of the incorrect calculation of the corresponding three-body integrals. It is shown that with the correct consideration of these terms the theory is consistent with the results of earlier work in low-density limit, and at high densities the method yields the equation of Tani et al. ͓Mol. Phys. 48, 863 ͑1983͔͒ for the dipolar hard sphere fluid dielectric constant.
I. INTRODUCTION
A number of methods ͓2,3͔ have been used in theoretical and computer simulation studies of dielectric constant of polar fluids. However, all studies are based on the basic relation between the polarization ͑P͒ and the electric field strength inside the dielectric ͑E͒:
where is the dielectric constant. Assuming we know the molecular parameters and the distribution functions, the polarization can be calculated for a bulk fluid phase. If we have the relation between the external field (E ext ) and E, the dielectric constant can be expressed in terms of the density, temperature, and molecular quantities that appear in Eq. ͑1͒.
In an ellipsoid-shaped dielectric, if the external field direction coincides with that of one of the principal axes, then the field strength inside the dielectric is
where is the depolarization factor. ͑The calculation of is well known ͓4,5͔.͒ For an infinitely prolate ellipsoid ͑needle-shaped sample͒ ϭ0, which means that
For a dielectric with a spherical shape ϭ 1 3 , the inside field strength ͑Maxwell field͒ becomes
For a dilute gas of dipolar particles, the polarization is given by the expansion of the Langevin function ͓L(␣)͔:
where s is the magnitude of the dipole moment, ϭN/V is the number density, T is the temperature, k is the Boltzmann constant, and ␣ϭsE ext /(kT) is a dimensionless quantity. Using a spherically shaped sample, the 
Here I dd⌬ () is a density-dependent integral ͑see later͒, which can be calculated by the hard sphere ͑HS͒ correlation functions. In the low density limit I dd⌬ ϭ17 2 /9, and therefore Eq. ͑9͒ is identical to Eq. ͑8͒.
Recently, using the algebraic perturbation technique of Ruelle ͓16͔, Kalikmanov ͓1͔ predicted an equation for the dielectric constant of the DHS fluid. In his method, the external electric field is treated as a perturbation and the fluid sample is confined into an ͑infinitely͒ long cylinder with an axis parallel to the external field to avoid the depolarization. The polarization is calculated on the basis of free energy route, and the dielectric constant is obtained using Eqs. ͑1͒ and ͑3͒. In the low density approximation his result is
This result is not in agreement with Eq. ͑8͒, which can be considered exact at low density up to the third-order term in the dipole strength function. The dielectric constant does not depend on the shape of the sample, therefore the difference between Eqs. ͑10͒ and ͑8͒ is not reasonable. Though the calculation route differs from the previous methods, the difference in the third-order terms is too high. In this Comment we show that there are two errors in Kalikmanov's work in the calculation of the three-body terms of the field-dependent free energy and, therefore, his theory seems to be incomplete. Calculating these terms correctly, in the low density limit we can recover Eq. ͑8͒. Taking into account the density dependence of the correlation functions, our previous equation for the dielectric constant of DHS fluid ͓15͔ is obtained.
II. THEORETICAL APPROACH

A. Model
The potential energy of the i jth pair of the DHS particles in an external field is
On the right side of Eq. ͑11͒ the first term is the hard sphere, the second is the dipole-dipole interaction energy, and the last two terms are the external field contributions. This notation is in accordance with ͓1͔ but for D(i,j) dipole-dipole orientation function, we use the most general expression
which has the opposite sign of the corresponding Kalikmakov function. Without any further details, the second-order expression for the DHS free energy ͑F͒ in the external field is
where F 0 is the free energy of the reference system ͑DHS fluid without the external field͒ and b i is the ith fielddependent perturbation term, which can be calculated with the help of the correlation functions of DHS fluid. The corresponding equations are
To be consistent in the calculation of b 1 , the second-order expansion of the Mayer function ͓Eq. ͑16͔͒ must be used while in the calculation of b 2 , a first-order expansion may be used. The exact DHS pair correlation function is not known, therefore in ͓1͔ a second-order perturbation expression was used ͓17͔:
where g d (r 12 ) is the HS pair correlation function, and the perturbation terms are First we study the low-density approximation, which means that in Eqs. ͑17͒-͑19͒ the HS pair correlation functions are replaced by the Heaviside step function ͓g d (r) ϭ⌰(rϪd)͔, where d is the HS diameter. In accordance with ͓1͔ we can obtain that
According to the three-term expansion of g 2 0 (r 12 , 1 , 2 ), Kalikmanov separated b 2 into three terms:
It is easy to see that b 2 (0) ϭ0. Using the solid angle integration
we obtain
dr 12 1 r 12 3 ͑ 1Ϫ3 cos 2 12 ͒.
͑25͒
In the calculation of the integral of Eq. ͑25͒, Kalikmanov assumed that the container is an ͑infinitely͒ long cylinder with an axis parallel to the external field. It is better to mention an infinitely prolate ellipsoid ͑needle-shaped sample͒ because in this case the depolarization factor is exactly zero. The calculation of the integral in Eq. ͑25͒ is not trivial for such a shape, but Groh and Dietrich ͓18,19͔ have predicted a relatively simple method for that. Using this method we obtain
which is identical with the result of ͓1͔. The first term in Eq. ͑19͒ is really short ranged and therefore in this approximation, this term does not give any contribution to the fielddependent free energy.
There are problems in ͓1͔ with the calculation of b 2 (2) . The function a D (r 12 ) is long ranged and therefore gives a very important contribution to the field-dependent free energy. The role of this term was ignored in Kalikmanov's work. The function a ⌬ (r 12 ) is really short ranged but the calculation of its integral is not correct in Kalikmakov's paper. The a D (r 12 ) and a ⌬ (r 12 ) functions are convolution integrals and with the help of the Fourier-transformconvolution method of Høye and co-workers ͓20,21͔, also used by Goldman ͓22͔, they can be calculated relatively easily. The details of the calculation can be found in the Appendix. In the low-density limit the following exact relations are obtained:
͑28͒
Using these functions and Eq. ͑24͒ for b 2 (2) we obtain 
͑32͒
It is easy to see that the integral in Eq. ͑32͒ is the low-density limit of the integral introduced by Tani Kalikmanov obtained 5 2 /3 for this integral, which is not correct. He cited the Appendix of one of his earlier publications ͓23͔, where he calculated that integral. However, in ͓23͔ there is an error in the conversion of integration variables and, therefore, in ͓24͔ he calculated a completely different integral. In Eq. ͑33͒ the volume element dr 3 can be considered as that of a sphere around particle 1, i.e., dr 3 ϭϪr 13 2 dr 13 d(cos ␣ 3 )d ͓23͔, where is the azimuthal angle extending over 2. After integration over the possible angles it reads
which is identical with the formula of Tani et al. ͓15͔ but completely different from the corresponding results in ͓1͔ and ͓23͔. Summarizing all calculated terms, for the free energy we obtain
The polarization can be calculated from Eq. ͑35͒ as
͑36͒
Using the dipole strength function for the polarization we obtain 
C. Density dependence of dielectric constant
The dielectric constant of DHS fluid depends on the density, beside the dipole strength function ͓2,3,15͔. To obtain the functional form, the correct density-dependent g d (r,) must be used to calculate the integrals that appear. In this case for b 2
(1) we obtain
͑ 1Ϫ3 cos 2 12 ͒.
͑39͒
On the basis of the results of Groh and Dietrich ͓18, 19͔ it is clear that only the asymptotic values of g d (r 12 ,)/r 12 3 give contributions to the integral. Since the asymptotic limit of this function is 1/r 12 3 , the result of the integration on an infinitely prolate ellipsoid is the same that was obtained in Eq. ͑26͒. Considering the b 2 (2) term, the obtained asymptotic value of the density-dependent a D (r 12 ,) function is the same as was the density-independent one ͑see the Appendix͒; therefore the numerical value of the corresponding integral does not change. Only the integral of the short-ranged a ⌬ (r 12 ,) function shows a density dependence. This integral can be calculated on a sphere, and according to Eq. ͑21͒ that corresponds to the I dd⌬ () integral of Tani et al. ͓15͔. Of course the derived equation for the dielectric constant is the same as given by Eq. ͑9͒. According to the abovementioned arguments, Kalikmanov's corresponding equation for the dielectric constant is incorrect. Therefore, the comparison with simulation data ͑Fig. 1 in Ref. ͓1͔͒ is inappropriate. Of course, his results for the initial magnetic susceptibility of a ferrofluid ͑Fig. 2 in Ref. ͓1͔͒ must be recalculated again. The reduced dipole moment dependence of our formulated dielectric constant is displayed in Fig. 1 . At low and moderate dipole moments, the agreement with simulation data is quite good. The theory prediction is below the simulation data at high dipole moments when s 2 /kTd 3 у2.5. where *ϭd 3 is the reduced density, and Eq. ͑40͒ is valid in the range of 0р*р0.95. Further applications to the calculation of dielectric constant of hard-core dipolar Yukawa fluid have been published recently ͓25,26͔ by us.
III. SUMMARY
To study the dielectric constant of DHS fluids, Kalikmanov ͓1͔ used Ruelle's ͓16͔ algebraic perturbation theory in the construction of the field-dependent free energy. It has been shown that with a correct calculation of the three-body term integrals this free energy route gives consistent results for the dipole strength and density dependence of the dielectric constant. In spite of the fact that these results are known ͓15,22,26͔, the improved method should be very valuable in the study of thermodynamic properties of fluids in an external field. As there is nothing special in the theory that restricts it to electric dipoles, it is valid for the description of a magnetic colloid suspension in an external magnetic field.
